The polymer PGA composite was prepared by chemical oxidative method of polyethylene glycol, anthranilic acid with ammonium persulphate in oxalic acid medium. The resulted polymer was characterized by FTIR spectroscopy. The performance of the polymer polyglycol anthranilic acid composite (PGA) as corrosion inhibitor for mild steel in 1 M HCl has been studied by weight loss, potentiodynamic and impedance spectroscopy methods. The maximum IE was found to be 97%. Experimental results were fitted to Langmuir adsorption isotherm. Electrochemical studies confirmed the inhibitive nature of the PGA composite and also the mixed nature of the inhibitor. The polymer is found to be highly efficient non-toxic and environmentally safe.
Introduction
Corrosion of metals in different environment is one of the serious problems facing the industries and its prevention has been approached from various angles like surface coating, plating and alloying. Technological and financial considerations may sometimes favour the addition of inhibitors to reduce the corrosion rate. Inhibition of corrosion of mild steel is a matter of theoretical as well as practical importance 1 . Compounds containing nitrogen, sulphur and oxygen have been reported as inhibitors [2] [3] [4] [5] [6] . The most efficient organic inhibitors are organic compounds having unsaturated bonds in their structures 7 . Most of the conducting polymers have extensively delocalized π electrons, in abundance, should enable them to be good corrosion inhibitors. The adsorption of these compounds is influenced by various factors viz. (i) electronic structure of inhibiting molecules, (ii) steric factor, (iii) aromaticity, (iv) electron density at donor site, (v) presence of functional group such as -CHO, -N=N, R-OH in the inhibitor molecule, (vi) molecular area and (vii) molecular weight of the inhibitor molecule [8] [9] [10] [11] [12] .
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Conducting polymers are becoming the most promising new materials for next generation electrical and electronic devices 13, 14 . These polymers have also been recognized as excellent corrosion inhibitors for metals in acid environment [15] [16] [17] [18] [19] [20] . Recently polymer amines 21, 22 were evaluated due to their higher inhibition efficiency on the corrosion of mild steel in acid solutions. Owing to the multiple adsorption sites, polymeric compounds adsorb more strongly on the metal surface compared with their monomer analogues 23 . Polyaniline and its derivatives have versatile applications in plastic batteries, harmonic generators, display devices, solid state sensors and corrosion inhibitors [24] [25] [26] . Polyaniline and its derivatives are key effective corrosion inhibitors in acid chloride solution due to the presence of π electrons, quaternary nitrogen atom and large molecular size, which ensures greater coverage of the metallic surface, which leads to higher inhibition efficiency.
A study was undertaken with polyethelene glycol-anthranilic acid composite as an inhibitor for mild steel in acidic aqueous solution. The inhibition efficiency was estimated by Tafel extrapolation method, linear polarization resistance method, impedance spectroscopy and direct weight loss method. Before use, the characterization of polymer composite was carried out by recording FTIR spectrum.
Experimental
The polymer PGA composite was synthesized as described by Rupali Gangopadhayan et.al 27 . The infrared spectra of the polymer was recorded on a Perkin Elmer FTIR. The evaluation of this polymer as corrosion inhibitor was carried by electrochemical techniques and direct weight loss method. Weight loss experiments were carried out in triplicate by using 1 x 5 cm 2 mild steel strips for duration of ½ h, 3 h, 6 h, 12 h and 24 h at 303K, 313K, 323K and 343K.
For electrochemical studies a three electrode cell with 1 cm 2 mild steel as working electrode, a saturated calomel electrode (SCE) as the reference electrode and platinum foil as the counter electrode was used. The working electrode was polished before use. Before starting the electrochemical experiments the test sample was allowed to reach steady state after immersion in the solution.
Impedance studies were performed for the mild steel in 1 M HCl at 26 + 2 0 C in the absence and presence of polymer composite PGA at E corr with the a.c.voltage amplitude 10 mV in the frequency range 10 KHz to 10 MHz. A time interval of a few minutes was given for the o.c.p to read a steady value.
Results and Discussion

Effect of concentration and immersion time
Weight loss experiments showed the effective action of the polymer composite as corrosion inhibitor of MS in HCl solution. Values of IE of different concentration of the polymer for all test durations are given in Table 1 . IE increased with increase in concentration of the polymer and maximum IE was noticed with 1.7% concentration. The IE increased with increase in immersion time up to 12 h, showing decrease at 24 h.
The inhibition of corrosion by the polymer in 1 M HCl may be due to the adsorption of polymer molecules on the metal surface thus preventing the dissolution of iron. An increase in number of additive molecules the blockage of active sites on the metal surface increases. Consequently the inhibition increased. It may be assumed that due to greater rate of adsorption during the first few hours of immersion the IE enhanced with time. 
Influence of temperature
The loss in the weight of steel samples in 1 M HCl in the absence and presence of various concentrations of PGA composite at different temperatures were determined. The effect of temperature on the inhibition efficiency of the polymer is shown in Table 2 . In all cases, increase in PGA composite concentration leads to a decrease in the corrosion rate of samples indicating that the presence of polymer composite retards the general corrosion of samples in 1 M HCl. On the other hand, an increase in temperature from 333-343 K resulted in an increase in the corrosion rate for all polymer composite solution, probably as a result of desorption of inhibitor molecules from the metal surface. 
Adsorption isotherm
The phenomenon of interaction between the metal surface and inhibitor can be better understood in terms of adsorption isotherm. A plot of logӨ/1-Ө Vs. log C Figure 1 gave a straight line with approximately unit slope indicating that the inhibitor under study obeys Langmuir adsorption isotherm. The deviation from unity may be explained on the basis of the interaction between the adsorbed spieces on the metal surface. It has been postulated in the derivation of Langmuir isotherm equation that the adsorption molecules do not interact with each other. This is not true in case of organic or polymer molecules having polar atoms or groups which are adsorbed on the anodic and cathodic sites of the metal surface .Such adsorbed species may interact by mutual repulsion or attraction 28 .
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Activation energy (Ea)
Corrosion rate of mild steel in presence of PGA composite by weight loss method are plotted against temp (log CR vs. 1/T). Activation energies are calculated from the slope. It was observed for HCl solution the Ea as 44.128 kJ/mole. In the presence of the inhibitor the activation energies are increased compared to the acid solution revealing the retardation of the corrosion reaction. The marked changes in Ea suggest that the inhibitor may either participate in the electrode or may change the potential difference of the metal solution interface by adsorption.
Thermodynamic parameters
Free energy change
The values of free energy of adsorption (∆G) were calculated using the standard equation log C = log Ө/(1-Ө ) -log B where, log B = -1.74 -(-∆G /2.303 RT ) Ө = Surface coverage C = Concentration R = Gas Constant T = Temperature The calculated free energy of adsorption (Table 3) ranged between -27.5 kJ to -21.8 kJ. The negative free energy values indicate the spontaneous adsorption of inhibitor and the strong interaction between the metal surface and the inhibitor molecule. The increase in -∆G with increasing concentration is an evidence for repulsive forces in the adsorption layer. Similar observations have been reported by Lillard R.S. et al 29 .
The values of -∆G ads ≤ 20 kJ mol -1 are consistent with electrostatic interaction between the charged molecules and the charged metal surface. This is substantiated by the observation reported by Khamis et.al (1991) 30 . 
Heat of adsorption
The change in heat of adsorption ∆H and change in Entropy ∆S can be calculated using Gibbs Helmholtz equation ∆G = ∆H -T∆S A plot of ∆G versus T will be a straight line with intercept ∆H and slope ∆S. All the obtained values of ∆H and ∆S for the inhibitor adsorption on the mild steel surface were listed in Table 3 .
The negative values indicated the exothermic adsorption behavior of the inhibitor at the experimental temperatures studied. The average value of ∆H is about 33.29 kJ/mol which is larger than common physical adsorption heat but smaller than the common chemical adsorption heat 31 probably meaning comprehensive adsorption (physical and chemical). That is to say, since the adsorption heat approached the general chemical reaction heat, the chemical adsorption might occur accompanied by physical adsorption (electrostatic interaction) 32 .
Entropy change
When adsorption increases the entropy will decrease. For an exothermic adsorption process also the entropy will decrease. The decrease in positive value of ∆S with increase in concentration of the inhibitor (Table 3) proved the exothermic adsorption of the inhibitor on the metal surface.
Electrochemical measurements
Polarization studies
Typical potentiodynamic polarizing curve showing the inhibitive action of PGA is given in Figure 2 . The corrosion parameters calculated from the polarization curves are tabulated in Table 4 . I corr was found to decrease as the inhibitive action of PGA composite on metal surface. The E corr values and observation of curve infers that there is change in both anodic and cathodic polarization with the addition of inhibitor. This indicates that the inhibitor acts through mixed mode of inhibition. The decrease in both Tafel constants ba and bc value of concentration with increase in concentration of the inhibitor up to 0.5%, suggest that both anodic dissolution and cathodic hydrogen evolution mechanism are affected in presence of the inhibitor. It can be concluded from the results obtained that PGA act as a mixed inhibitor. In addition, no significant change in E corr value was observed, which suggests a mixed type of inhibition effect of polymer 33 . 
Impedance studies
The inhibitive action is enhanced by the protective barrier on the metal surface which is indicated from the increase of Rct values with increase in inhibitor concentration. The existence of single semi circle showed the single charge transfer process during dissolution which is unaffected by the presence of inhibitor molecules. The decrease in Cdl values for higher concentrations is attributed to increase in thickness of electronic double layer 34 . The increase in Rct value is attributed to the formation of protective film on the metal/solution interface 35, 36 . The charge transfer resistance (Rct) and the interfacial double layer capacitance (Cdl) derived from these curves are given in Table 5 . The probable mechanism is adsorption of the active species on the metal surface is revealed from the Cdl values which were found to decrease with increase in concentration of PGA. The depressed semicircle in Nyquist plot Figure 3 indicates that adsorption of the inhibitor molecule is charge transfer controlled. Maximum IE using Rct values was found to be 78.5% with 1.9% of concentration. 
Mechanism of Inhibition process
The mechanism of corrosion inhibition may be explained on the basis of adsorption behaviour 37 . The inhibitive behaviour of self doped polyethelene glycol anthranilic acid (ortho carboxylated polyethelene glycol aniline) is reported for the first time.
Corrosion inhibition of mild steel in hydrochloric acid solution by polyanthranilic acid had been explained on the basis of molecular adsorption. The compound inhibits corrosion by controlling both the anodic and cathodic reactions. In acidic solution the polyglycol anthranilic acid exists as protonated species. These protonated species adsorb on the cathodic sites of the mild steel and decrease the evolution of hydrogen. The adsorption on anodic sites occurs through long π electrons of aromatic rings (benzenoid and quinoid) and lone pair of electrons of nitrogen atoms, which decreases anodic dissolution of mild steel 38 . The high performance of the polymer is attributed to the presence of long π-electrons conjugation, quaternary nitrogen atom and the larger molecular size.
Conclusion
The PGA was proved to be a good inhibitor for MS in 1 M HCl. The IE increase with inhibitor concentration, time and temperature. It obeys Langmuir adsorption isotherm. Kinetic and thermodynamic parameters infer the strong adsorption of inhibitor molecule on MS surface also the inhibition is by spontaneous physical adsorption of inhibitor on MS surface. Electrochemical measurements indicate the mixed mode of inhibition. Thus the polymer PGA inhibitor was proved to be an effective eco friendly inhibitor. 
